The storage ring at Taiwan Light Source has experienced a strong collective instability since 1994. Various cures have been attempted to suppress this instability, including the use of damping antenna, tunable rf plungers, different filling patterns, and rf gap voltage modulation. So far these cures have improved the beam intensity, but the operation remains to be limited by the instability. The dominant phenomenon is the longitudinal coupled bunch instability. The major source of longitudinal impedance is from rf cavities of Doris type. The high-order modes of the cavity were numerically analyzed using a 3-D code GdfidL,. The correlation of the observed phenomenon in user operation with high-order modes of rf cavities will be presented. Results of various attempts to suppress beam instabilities will be summarized. Proposed cures for beam instabilities will be discussed.
INTRODUCTION
A longitudinal coupled bunch instability was observed in the storage ring of SRRC prior lo 1993 11. Because the high-order-mode(H0M) damping antenna in the Doristype cavity was not effective to suppress the longitudinal coupled bunch instability at 200 mA in user operation and because a longitudinal bunch-by-bunch feedback system has not been available, a crash solution was adopted to replace the HOM damping antenna with a tuning plunger in the spring of 1996. The most prominent unstable mode was avoided by shifting the mode frequency with tuning plungers. This patchy solution did not eradicate the longitudinal beam instability completely. User operations still suffered from the beam instability although at a less severe scale. In the fall of 1999 the technique of modulating the rf gap voltage at nearly twice the synchrotron frequency was implemented [2] . This combined solution was able to maintain a relatively stable operation for most users. Nevertheless, an abrupt orbit distortion occurred in an unpredictable way resulting in unstable photon beam in the user end station. The observation of such abrupt beam instability will be described. Its correlation with the longitudinal HOMs of rf cavities will be presented. Various attempts to cure this beam instability will be described. Results of those attempts will be presented and possible cures will be discussed. The abrupt change in the closed orbit was correlated to the abrupt change in the horizontal beam size as shown in Fig. 1 . This. abrupt beam instability caused corresponding abrupt variation in photon intensity for the synchrotron light users. This abrupt beam instability was never observed in low current regime, e.g. for beam current below 130 mA. The onset of this abrupt orbit distortion was neither predictable, nor periodic. The horizontal and vertical orbits shifted by amounts that appeared to be random around the ring. The global orbit feedback system was turned on during this time when orbit shifts took place, and this might have disrupted a natural tendency of orbit shifts with betatron shape. The variation of horizontal beam size is on the order of 30 pm. There was no abrupt change observed in the vertical beam size. The transverse beam size was measured from the profile of synchrotron light emitted from a bending magnet where the dispersion function is nonzero in the horizontal plane.
Longitudinal Beam Spectrum vs. Horizontal Beam Size
It was noticed that the unpredictable, abrupt change in the horizontal beam size was correlated to the change in longitudinal beam spectrum and the apparent fill pattern of beam current. Figure 2 depicts the fill pattern corresponding to the case without the abrupt change in horizontal beam size. The longitudinal beam spectrum corresponding to the fill pattern in Fig. 2 is shown in Fig.  3 . The rf frequency is 500 MHz and the harmonic number is 200 for SRRC storage ring. A closer view of the unstable mode at 587 MHz revealed a strong longitudinal dipole oscillation as shown in Fig. 4 The rf voltage modulation was on. The frequency span is from 500 MHz to 1 GHz.
CORRELATION WITH HIGH-ORDER MODES OF RF CAVITIES
The rf section of storage ring is composed of two Doris-type cavities interconnected by a circular beam pipe with a radius of 7.085cm. The cutoff of waveguide modes for the circular beam pipe is 1.241 GHz for TE,, and 1.622 GHz for TM, , , mode. Above cutoff, there is a crosstalk of HOMs between two rf cavities.
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Calculated HOMs of ifcavities
The layout model of a Doris cavity is shown in Fig. 7 . The original design of the Doris cavity was modified. The HOM damping antenna was replaced by a tuning plunger. The longitudinal HOMs for the dual-cavity rf section was calculated by using a 3D rf code GdfidL [3] . Calculated results for a 2D model of rf section are given in Table 1 [4]. Only those modes below the waveguide cutoff were calculated. The growth rate was calculated for the worst case, i.e. on resonance, 200 mA equally-spaced bunch train. The radiation damping rate in the longitudinal direction is 0.176xlO'/sec. The disappearance of the unstable mode at 587 MHz in the beam spectrum was related to the abrupt beam instability. This unstable mode corresponds to the longitudinal coupled bunch mode number 37 driven by the HOM at 1590 MHz. 
Detuning of HOMs by RF Plungers
We tried to avoid those unstable modes by detuning the frequencies of HOMs. The HOM tuning plunger was moved back and forth in order to find an optimum position while the other plunger was moved to maintain the frequency of accelerating mode. We could not find a setting such that all unstable modes could be avoided. 
DISCUSSIONS
The pattern and the scale of frequency shift for each HOM are not the same as shown in Fig. 8 . Therefore, it is impossible to find a setting that all HOMs are avoided. Temperature variation has been used as a control, but was not too effective. The final solution in use for the present operation is to avoid the unstable mode driven by HOM at 1590 MHz with tuning plungers and apply the rf voltage modulation to the beam as well. After the HOM detuning, the abrupt change in the horizontal beam size and transverse orbit is no longer observed in user operation. An upgrade by replacing those two Doris cavities with a superconducting rf cavity developed by Cornel1 University is currently under way [5] . A longitudinal bunch-by-bunch feedback system is also being developed[ 61.
